Application No.: TO BE ASSIGNED 
Docket No.: FC0015 US PCT 



Page 2 



Amendments to Claims 



1 . (Original) A fluorinated sulfonamide small molecule having the general 
structure: 



wherein m, n and p are 0 to 3, with the proviso that m + n + p is equal to 1 to 4; 

A 1 is an aromatic heterocyclic group, with the proviso that carbon atoms of 
the heterocyclic ring are fully substituted by fluorinated sulfonamide groups; and 

R\ R 2 , and R 3 are linear or branched perfluoroalkylene groups, optionally 
containing oxygen, chlorine, bromine, or iodine atoms. 

2. (Currently Amended) The fluorinated sulfonamide small molecule of claim 1 
wherein m, n and p are 4-0_to 2, with the proviso that m + n + p is equal to 1 to 2. 

3. (Original) The fluorinated sulfonamide small molecule of claim 1 wherein 
the aromatic heterocyclic group is selected from the group consisting of 
benzimidazole, benzoxazole, benzothiazole, benzobisimidazole, benzobisoxazole, 
benzobisthiazole, bibenzimidazole, bibenzoxazole, bibenzothiazole, imidazole, 
oxazole, thiazole, triazine, tetrazole, pyrazole, triazole, oxadiazole, and thiadiazole. 

4. (Original) The fluorinated sulfonamide small molecule of claim 3 wherein 
the aromatic heterocyclic group is selected from the group consisting of 
benzimidazole, benzoxazole, benzothiazole, and triazine. 

5. (Original) The fluorinated sulfonamide small molecule of claim 1 wherein 
the aromatic heterocyclic group is benzimidazole. 

6. (Original) The fluorinated sulfonamide small molecule of claim 1 wherein 
the linear or branched perfluoroalkylene groups, optionally containing oxygen, 
chlorine, bromine, or iodine atoms contain 1 to 20 carbon atoms. 

7. (Original) The fluorinated sulfonamide small molecule of claim 6 wherein 
R 1 , R 2 , and R 3 are linear perfluoroalkylene groups containing 1 to 6 carbon atoms. 

8. (Original) A polymerizable perfluorinated or partially fluorinated trifluorovinyl 
monomer comprising aromatic heterocyclic groups substituted by fluorinated 
sulfonamide groups and having the general structure: 



(fj? 2 -S0 2 -NH 2 ) n 
^ 1 -(R 1 -S0 2 -NH 2 ) ( 
(R 3 -S0 2 -NH 2 ) p 



m 



(I) 




F 



y-(R 4 -S0 2 -NH 2 ) s 
(R 5 -S0 2 -NH 2 ) t 



(II) 
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wherein s and t are the number of fluorinated sulfonamide groups attached to the 
heterocyclic ring and are equal 0 to 2, with the proviso that s + t is equal to 1 to 2; 

A 2 is an aromatic heterocyclic group, with the proviso that carbon atoms of 
the heterocyclic ring are fully substituted by either the trifluorovinyl group or the 
fluorinated sulfonamide groups; and 

R 4 and R 5 are linear or branched perfluoroalkylene groups, optionally 
containing oxygen, chlorine, bromine, or iodine atoms. 

9. (Original) The polymerizable perfluorinated or partially fluorinated 
trifluorovinyl monomer of claim 8 wherein the aromatic heterocyclic group selected 
from the group consisting of benzimidazole, benzoxazole, benzothiazole, 
benzobisimidazole, benzobisoxazole, benzobisthiazole, bibenzimidazole, 
bibenzoxazole, bibenzothiazole, imidazole, oxazole, thiazole, triazine, pyrazole, 
triazole, oxadiazole, and thiadiazole. 

10. -12. (Canceled) 

13. (Original) The polymerizable perfluorinated or partially fluorinated 
trifluorovinyl monomer of claim 12 wherein R 4 and R 5 are linear perfluoroalkylene 
groups containing 1 to 6 carbon atoms. 

14. (Original) A fluorinated sulfonamide vinyl polymer having the general 
structure: 



Polymer^ 2 -(R 4 -S0 2 -NH 2 ) s 
(R 5 -S0 2 -NH 2 ) t 



Jq (III) 



wherein Polymer is a polyperfluorocarbon or polypartially fluorinated carbon vinyl 
polymer backbone optionally containing aromatic side chain groups; q is the mole 
fraction of fluorinated sulfonamide side chain groups and is selected from 0.01 to 1; s 
and t are the number of fluorinated sulfonamide groups attached to the heterocyclic 
ring and are equal 0 to 2, with the proviso that s + t is equal to 1 to 2; A 2 is an 
aromatic heterocyclic group, with the proviso that the carbon atoms of the 
heterocyclic ring are fully substituted by the polymer backbone or the fluorinated 
sulfonamide groups; and R 4 and R 5 are linear or branched perfluoroalkylene groups, 
optionally containing oxygen, chlorine, bromine, or iodine atoms. 

1 5. (Original) The fluorinated sulfonamide vinyl polymer of claim 14 wherein 
the aromatic side chain group is phenyl. 

16. (Original) The fluorinated sulfonamide vinyl polymer of claim 14 wherein 
Polymer is selected from the group consisting of polytetrafluoroethylene, 
polytrifluorostyrene, and polychlorotrifluoroethylene. 
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17. (Original) The fluorinated sulfonamide vinyl polymer of claim 14 wherein q 
is 0.1 to 1. 

18. (Original) The fluorinated sulfonamide vinyl polymer of claim 17 wherein q 
is 0.6 to 1. 

19. (Original) The fluorinated sulfonamide vinyl polymer of claim 14 wherein 
the aromatic heterocyclic group is selected from the group consisting of 
benzimidazole, benzoxazole, benzothiazole, benzobisimidazole, benzobisoxazole, 
benzobisthiazole, bibenzimidazole, bibenzoxazole, bibenzothiazole, imidazole, 
oxazole, thiazole, triazine, pyrazole, triazole, oxadiazole, and thiadiazole. 

20. (Original) The fluorinated sulfonamide vinyl polymer of claim 19 wherein 
the aromatic heterocyclic group is selected from the group consisting of 
benzimidazole, benzoxazole, benzothiazole, and triazine. 

21 . (Original) The fluorinated sulfonamide vinyl polymer of claim 20 wherein 
the aromatic heterocyclic group is benzimidazole. 

22. (Original) The fluorinated sulfonamide vinyl polymer of claim 14 wherein 
the linear or branched perfluoroalkylene group, optionally containing oxygen, 
chlorine, bromine, or iodine atoms, contains 1 to 20 carbon atoms. 

23. (Original) The fluorinated sulfonamide vinyl polymer of claim 20 wherein 
R 4 and R 5 are linear perfluoroalkylene groups containing 1 to 6 carbon atoms. 

24. (Original) A polymer electrolyte membrane comprising a compound having 
fluorinated sulfonamide groups, -CF 2 -S0 2 -NH 2 , selected from the group consisting 
of: 

(a) a small molecule having general structure: 



wherein m, n and p are 0 to 3, with the proviso that m + n + p is equal to 1 to 4; 

A 1 is an aromatic heterocyclic group, with the proviso that carbon atoms of 
the heterocyclic ring are fully substituted by fluorinated sulfonamide groups; and 

R 1 , R 2 , and R 3 are linear or branched perfluoroalkylene groups, optionally 
containing oxygen, chlorine, bromine, or iodine atoms; 

(b) a polymer having general structure: 



(Fj* 2 -S0 2 -NH 2 ) n 
^ 1 «(R 1 -S0 2 -NH 2 ) l 
(R 3 -S0 2 -NH 2 ) p 



'm 



(I) 



Polymer--^ 2 -(R 4 -S0 2 -NH 2 ) s 
(R 5 -S0 2 -NH 2 ) t 



Jq (III) 
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wherein Polymer is a polyperfluorocarbon or polypartially fluorinated carbon vinyl 
polymer backbone optionally containing aromatic side chain groups; q is the mole 
fraction of fluorinated sulfonamide side chain groups and is selected from 0.01 to 1; s 
and t are the number of fluorinated sulfonamide groups attached to the heterocyclic 
ring and are equal 0 to 2, with the proviso that s + t is equal to 1 to 2; A 2 is an 
aromatic heterocyclic group, with the proviso that the carbon atoms of the 
heterocyclic ring are fully substituted by the polymer backbone or the fluorinated 
sulfonamide groups; and R 4 and R 5 are linear or branched perfluoroalkylene groups, 
optionally containing oxygen, chlorine, bromine, or iodine atoms; and 
(c) a small molecule having general structure: 

H 2 N-S02-(CF 2 )u-S02-NH2 (IV) 

wherein u is equal to 1 to 8. 

25. (Original) The polymer electrolyte membrane of claim 24 wherein 
compound is a small molecule. 

26. (Original) The polymer electrolyte membrane of claim 24 wherein 
compound is a polymer. 

27. -41. (Canceled) 

42. (Original) The polymer electrolyte membrane of claim 26 wherein u is 
equal to 2 to 6 in structure (IV). 

43. (Original) The polymer electrolyte membrane of claim 24 further 
comprising supporting materials. 

44. (Original) A membrane electrode assembly comprising a polymer 
electrolyte membrane, wherein the polymer electrolyte membrane has a first surface 
and a second surface, and comprises a compound having fluorinated sulfonamide 
groups, -CF 2 -S0 2 -NH 2 , selected from the group consisting of: 

(a) a small molecule having general structure: 

(Ff-S0 2 -NH 2 ) n 
^ 1 -(R 1 -S0 2 -NH 2 ) m 
(R 3 -S0 2 -NH 2 ) p (|) 

wherein m, n and p are 0 to 3, with the proviso that m + n + p is equal to 1 to 4; 

A 1 is an aromatic heterocyclic group, with the proviso that carbon atoms of 
the heterocyclic ring are fully substituted by fluorinated sulfonamide groups; and 

R 1 , R 2 , and R 3 are linear or branched perfluoroalkylene groups, optionally 
containing oxygen, chlorine, bromine, or iodine atoms; 
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(b) a polymer having general structure: 



Polymer- 



-^ 2 -(R 4 -S0 2 -NH 2 ) s 
(R 5 -S0 2 -NH 2 ) t 



Jq (III) 



wherein Polymer is a polyperfluorocarbon or polypartially fluorinated carbon vinyl 
polymer backbone optionally containing aromatic side chain groups; q is the mole 
fraction of fluorinated sulfonamide side chain groups and is selected from 0.01 to 1; s 
and t are the number of fluorinated sulfonamide groups attached to the heterocyclic 
ring and are equal 0 to 2, with the proviso that s + t is equal to 1 to 2; A 2 is an 
aromatic heterocyclic group, with the proviso that the carbon atoms of the 
heterocyclic ring are fully substituted by the polymer backbone or the fluorinated 
sulfonamide groups; and R 4 and R 5 are linear or branched perfluoroalkylene groups, 
optionally containing oxygen, chlorine, bromine, or iodine atoms; and 
(c) a small molecule having general structure: 

H 2 N-S02-(CF 2 )u-S02-NH2 (IV) 

wherein u is equal to 1 to 8. 

45. (Original) The membrane electrode assembly of claim 44 further 
comprising at least one electrode prepared from an electrocatalyst coating 
composition present on the first or second surfaces of the membrane. 

46. (Original) An membrane electrode assembly of claim 45 wherein the 
electrocatalyst composition comprises a polymer having the general structure: 

Polymer 



-^ 2 -(R 4 -S0 2 -NH 2 ) s 
(R 5 -S0 2 -NH 2 ) t 



a nin 



wherein Polymer is a polyperfluorocarbon or polypartially fluorinated carbon vinyl 
polymer backbone optionally containing aromatic side chain groups; q is the mole 
fraction of fluorinated sulfonamide side chain groups and is selected from 0.01 to 1; s 
and t are the number of fluorinated sulfonamide groups attached to the heterocyclic 
ring and are equal 0 to 2, with the proviso that s + t is equal to 1 to 2; A 2 is an 
aromatic heterocyclic group, with the proviso that the carbon atoms of the 
heterocyclic ring are fully substituted by the polymer backbone or the fluorinated 
sulfonamide groups; and R 4 and R 5 are linear or branched perfluoroalkylene groups, 
optionally containing oxygen, chlorine, bromine, or iodine atoms. 
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47. (Original) The membrane electrode assembly of claim 46 wherein the 
electrocatalyst composition further comprises a catalyst. 

48. (Canceled) 

49. (Canceled) 

50. (Currently Amended) An electrochemical cell comprising the membrane 
electrode assembly according to claim 44. a po l ym e r ele ctro l yt e m e mbran e having a 
first surfac e and a s e cond surfac e , wh e r e in th e polym e r e l ectrolyt e m e mbran e 
compr i s e s a compound hav i ng f l uor i nated sulfonamid e groups, 
-GF2-SQ2-N-H2, s e lect e d from th e group cons i sting of: 

(a) a sma ll mo le cul e having gen e ra l structur e : 

(FJ 2 -S0 2 -NH 2 ) n 
>^ 1 -(R 1 -S0 2 -NH 2 ) m 
(R 3 -S0 2 -NH 2 ) p m 



wh e r e in m, n and p ar e 0 to 3, w i th th e proviso that m + n + p i s e qu al to 1 to 4; 

-A 4 i s an aromatic h e t e rocyc l ic group, with th e proviso that carbon atoms of 
th e h e terocycl i c r i ng ar e ful l y subst i tuted by fluor i nat e d sulfonamide groups; and 

— RV-R 2 , a nd R 3 ar e l in ea r or branched p e rf l uoroalky le n e groups, optional l y 
contain i ng oxyg e n, chlor i n e , bromin e , or iodine atoms; 

(b) a polym e r having gen e ra l structur e : 



Polymer+A 2 -(R 4 -S0 2 -NH 2 ) £ 



(R 5 -S0 2 -NH 2 ) t 



wh e r e in Po l ymor is a polyporfluorocarbon or polypart i al l y fluor i nated carbon vinyl 
po l ym e r backbon e opt i ona ll y contain i ng a romatic side cha i n groups; q i s tho molo 
fraction of fluorinated su l fonam i de side cha i n groups and is soloctod from 0.01 to 1; s 
and t aro tho numb e r of fluorinated sulfonamide groups attached to tho h e t e rocyc li c 
ring and ar e e qual 0 to 2, with tho proviso that s + t i s e qual to 1 to 2; A 2 i s an 
aromat i c heterocycl i c group, w i th tho prov i so that the carbon atoms of tho 
heterocycl i c r i ng ar e fully subst i tuted by the polymer backbon e or th e fluor i nated 
sulfonamide groups; and R 4 and R 5 are lin e ar or branch e d p e rfluoroa l kyl e ne groups, 
opt i ona ll y containing oxygon, ch l orine, brom i ne, or i od i n e atoms; and 
(c) a small mo l ecule hav i ng g e n e ral structur e : 



H aN SO^ (CF ak-SQ a - Nhb ( I V) 
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wh e r ei n u is e qua l to 1 to 8. 
51.-58. (Canceled) 

59. (Currently Amended) An electrocatalyst composition comprising a 
polymer having the general structur e : according to claim 14. 



Polymer-P-A 2 -(R 4 -S0 2 -NH 2 ) s 



(R 5 -S0 2 -NH 2 ) t 



wher ei n Po l ym e r is a po l yp e rfluorocarbon or polypart i a l ly fluorinated carbon v i nyl 
polym e r backbon e opt i on a l l y conta i ning aromatic sid e cha i n groups; q is the mo le 
fraction of f l uorinat e d sulfonam i d e s i d e chain groups and is s ele ct e d from 0.01 to 1; s 
and t ar e the numb e r of fluorinat e d su l fonamide groups attached to th e h e t e rocyclic 
r i ng and ar e e qual 0 to 2, w i th the proviso that s + t is equ a l to 1 to 2; A a i s an 
aromat i c h e t e rocyc l ic group, with tho prov i so that the carbon atoms of the 
h e t e rocycl i c r i ng are fu ll y subst i tuted by th e po l ymor backbon e or the fluorinat e d 
su l fonam i de groups; and R 4 and R 5 aro li near or branch e d p e rfluoroa l kylene groups, 
opt i ona l ly contain i ng oxygon, ch l orine, bromin e , or i od i ne atoms. 

60. (Original) The electrocatalyst composition of claim 59 further comprising a 
catalyst. 
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In view of the foregoing, allowance of the above-referenced application 
respectfully requested. 

Respectfully submitted, 

THOMAS W. GORMAN 

ATTORNEY FOR APPLICANTS 
Registration No.: 31,959 
Telephone: (302)892-1543 
Facsimile: (302) 992-5374 



Dated: December 08. 2005 



